In this paper we propose a new model to solve the problem of Yang-Mills localization in RandallSundrum scenarios without the introduction of other fields or new degrees of freedom. The model is based only in non-minimal couplings with the gravity field. We show that two non-minimal couplings are necessary, one with the field strength and the other with a mass term. Despite the loosing of five dimensional gauge invariance by the mass term a massless gauge field is obtained over the brane. To obtain this, we need of a fine tuning of the two parameters introduced through the couplings. The fine tuning is obtained by imposing the boundary conditions and to guarantee non-abelian gauge invariance in four dimensions. With this we are left with no free parameters and the model is completely determined. The model also provides analytical solutions to the linearized equations for the zero mode and for a general warp factor.
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The Randall Sundrum (RS) model appeared in the Physics of higher dimensions as an alternative to compactification that included the possibility of solving the Hierarchy problem [1, 2] . To solve the physical problem of dimensional reduction, the RS model should obtain fields with zero mode confined to the brane in order to recoverer the Physical models when the fields are properly integrated over the extra dimension. In the case of the gravity field, localization is attained, however gauge fields as simple as U (1) minimally coupled to gravity are not localized and this was a problem to the theory [2, 3] . A number of extensions to RS were proposed in order to provide localized gauge fields. A smooth warp factor was investigated? [4] [5] [6] [7] [8] [9] [10] , but also did not yield localized gauge fields. Some models obtained the localization by the addition of new degrees of freedom such as a scalar or the dilaton fields, but a more natural approach would be to obtain an extension of minimal couplings that would localize the gauge field without introducing other fields. A step in this direction was the introduction of a boundary interaction with the field strength [11] , but it is known that this produces only a quasi-localized zero mode.
Other idea is the breaking of the U (1) gauge invariance in five dimensions by the addition of a mass term. It was found that the only consistent way of getting a localized zero mode is again the introduction of a boundary term, this time with the mass term [12] . Soon it was show that the boundary mass term was not enough to provide a consistent model in the case of Yang-Mills (YM) fields because non-abelian gauge invariance is lost in the membrane [13] . The work [13] shows that a combination of the above boundary terms are needed to solve the problem of YM localization. In the track of understanding the origin of the mass boundary term introduced in [12] , some of us identified that a non-minimal coupling of the Ricci scalar with the mass term could generate it [14] . More then this, it was discovered that this kind of coupling solve the localization of any U (1) p−form gauge field in co-dimension one brane worlds, valid for any warp factor [15] . However the mechanism does not work for Yang-Mills fields by the same reasons of Ref. [13] . Other non-minimal couplings of gravity with the field strength seems to be need also in this case. These kinds of couplings of gauge fields with gravity has been proposed and studied in 4D [16] and recently it was shown that they generate the boundary term for the field strength in Ref. [17] . However the model keeps the property of being only quasi-localized. Here we show that specific non-minimal couplings with gravity are enough to localize YM fields over the brane, moreover, the confined fields displays the expected properties, that is, are massless and therefore gauge invariant. Our approach also has the advantage of being valid for any extension of the RS model which recovers it asymptotically. This is obtained when we merge the coupling as proposed in [16] with the non-minimal coupling proposed by us in Ref. [14] . Importantly, localization and gauge invariance depend on the tuning of two otherwise free parameters of the model.
The background metric of the RS model in its conformal form is given by ds
After considering a delta-like brane and an AdS vacuum a stable background solution to the Einstein equation is found, which is given by A = − ln(k|z| + 1). The question of localizability of fields is resumed to find a square integrable solution(ψ) of a Schroedinger-like mass equation with potential U which emerges from the process of dimensional reduction. At the end this provides a finite four dimensional action after the integration in the extra dimension ψ 2 dz is performed. The above warp factor generates effective potentials with Dirac delta functions [1, 2] . These singularities can be smoothed out through the introduction of kink-like membranes such as in Refs. [4] [5] [6] [7] [8] that recovers the RS case only asymptotically. Therefore the better approach is to consider a general warp factor A and to look for a solution to the localization problem that does not depends on it. We call such solution warp independent for obvious reasons. For a minimally coupled U (1) gauge field the effective potential obtained is U = A ′′ /2 + A ′2 /4. Analyzing more carefully, for a thin brane, the solution has a convergent and a divergent component as z → ∞. However this is not the only boundary condition to be imposed since A depends on |z| and we get a delta function in the potential. When we impose the proper boundary condition in z = 0 the solution is completely fixed and we discover that it is not localized. The same conclusion is obtained for arbitrary A and is warp independent. The form of the above potential provides a general solution given by ψ = e −A/2 and this is not square integrable for asymptotic RS models.
As said before, a model was constructed which introduced a boundary term through an interaction with a delta function [11] , that is, besides the standard gauge action a contribution given by
µν was introduced, where µ are four dimensional indices and m is a mass parameter. Although the origin of this term is not explained, the authors argue that it is needed to guarantee that there is no current in the extra dimension. Then a quasi-localized zero mode is obtained. Some time latter the possible gravitational origin of such interaction was discovered to come from a non-minimal coupling with the field strength given by ∆ ABCD F AB F CD [17] . This coupling has been proposed early as an extension of the four dimension gauge field which preserve current conservation and recovers Maxwell equations in the flat limit [16] . This is obtained if ∇ A ∆ ...A... = 0 for any of the indices and the tensor posses the same symmetries of the curvature tensor. A ∆ satisfying this is given by
(1) By computing explicitly the above coupling for the thin brane case Germany has obtained the correct boundary term [17] . Despite this clear advance the model does not provide a fully localized solution.
In the direction of five dimension breaking of gauge invariance a topological mass term was added through a three form field with a localized zero mode [18] . However this generates a massive gauge field in four dimension, beyond introducing a form field as a new degree of freedom. To solve this problem Ghoroku et al proposed to introduce a mass M 2 A 2 N term directly in the action [12] . Although this term generates a localizable solution as z → ∞ the boundary condition at z = 0 fixes M = 0. This is solved in a similar way as in Ref. [11] by the introduction of a boundary mass term δ(z)A 2 N such that the boundary condition is satisfied with M = 0. Therefore the model is consistent if we use a interaction term given by M (z) = (a + bδ(z)) where a and b should be chosen such that the boundary condition are satisfied and to obtain a localized solution. A range in the parameters is obtained which satisfy the boundary conditions leaving a free parameter to be determined. However it was shown in [13] that this in not enough when we consider YM fields. The reason is that now we have quartic terms in the action and even if the zero mode is integrable we generally have ψ 3 dz = ψ 4 dz causing the lost of gauge invariance after the integration is performed. However Batell et al showed that this can be solved by te use of both boundary terms of Refs. [11, 12] and the final action which solves the problem was found to be
where e 5 is the five dimensional gauge coupling and
Since M (z) = (a + bδ(z)) the model posses three parameters: a and b to guarantee the localization and a third parameter β is introduced to guarantee the gauge invariance in four dimensions. However, we show here that this action must be corrected to preserve the expected symmetries of the system.
Searching for the origin of the above action, some of us discovered in a series of previous papers that a nonminimal coupling with the Ricci scalar given by γRA 2 N consistently provides a solution to the localization of U (1) gauge field in co-dimension one brane worlds [14, 15, 19] . This term modifies the potential that now is given by U = pA ′′ + p 2 A ′2 where p is the order of the p−form considered. The zero mode for this potential has solution ψ = e pA which is square integrable for any warp factor that asymptotically recovers RS, being therefore a warp independent solution. Another advantage is that the exigence of general covariance determines one of the parameters leaving only γ which is fixed by boundary conditions, and at the end we get a model with no free parameters. However the problem for YM fields is not solved and other non-minimal coupling seems to be needed.
With the above ingredients we propose a model defined by the following action
where γ 1 and γ 2 are parameters that will be fixed by the boundary condition and the demand of gauge invariance in 4D. From now on we will not write explicitly the group indices. The linearized equations of motion are
and from the above we get the five dimensional divergenceless condition ∂ M ( √ gRg MN A N ) = 0, or in components
where we have defined Φ ≡ A 5 . By computing ∆ A...
explicitly we obtain the equations of motions in components. For N = ν we get
and for N = 5
where e 2A h = −3A ′2 /4 and e 2A f = −A ′′ /2 − A ′2 /4. Therefore our system is defined by the three equations above, which includes a vector and a scalar field in four dimensions. From Eq. (5) we see that our four dimensional vector field does not satisfy the four dimensional divergenceless condition. The strategy, as explained before in Ref. [14] is to split the field in longitudinal and transverse parts A (5) as an equation relating the longitudinal part of A µ and the scalar field. The main question posed at this point is if we can decouple the transverse component in order to obtain a well defined YM field in four dimensions. For the U (1) case and for γ 1 = 0, with only the coupling to the mass term, we have shown that this is the case. Now we have the additional complication of the non-minimal coupling with the field strength, however we will see that it is also valid for the present case. For this end first we define
ν5 . Beyond this we also have ∂ µ F µν = A ν T and Eq. (6) becomes
Now by using Eq. (7), the definition of A µ L and our identity for F 5µ L we can show that
where we have used the fact ∂ 5 h = 0 from the tracelessness of ∆. Therefore we successfully get our decoupled equation for the transverse YM field given by 
Now performing the standard separations of variables
Now the resolution of the problem is translated in finding a square integrable solution to the above potential
such that
leaving us with a consistent four dimensional theory. First we can see that the only effect of the non-minimal coupling with the field strength is the changing of the measure in the above integrals. However since for large large z we have that h and f are constant, the solution without the mass coupling ψ = e A/2 [14] does not gives a localized solution. This is consistent with the previous results of Refs. [11, 17] . However, as stressed before what will guarantee the full localized solution is the nonminimal coupling with the mass term. Since the equation of motion is not affected by the coupling with the field strength, the solution is obtained by fixing γ 2 = 1/16 with solution ψ = ae A as found in Ref. [14] , where a is a normalization constant. This therefore can be plugged directly in Eq. (9) . With this and after some manipulations we find a normalization constant given by
which is convergent for any warp factor recovering RS for large z. Therefore our solution is localized and warp independent. The next problem to be solved is about the non-abelian gauge invariance in four dimensions. Since we yet have the parameter γ 1 and Eq. (10) is a scalar equation this is in principle possible. In fact when we plug our solution in Eq. (10), after some manipulations we get
The above integral is also convergent. The numerator is trivially convergent since for large z it converges faster then (9) . The denominator is weighted by f which is a constant for large z and therefore it is convergent for any warp factor. Therefore the problem is completely solved and warp independent.
As concluding remarks we should point that our model solves the long standing problem of YM localization in RS scenarios. The strong points are that it solves the problem for arbitrary warp factors beyond do not adding any other fields or degrees of freedom. Although nonminimal couplings with gravity has not been much exploited in RS models the resolution of YM localization poses this kind of couplings in a central position. Many questions arises such as the origin of this coupling or if there are other couplings which can solve the problem. If this is true we should also answer what kind of restriction must be imposed to get a desirable theory in four dimensions. It is also important to understand the reason why this kind of coupling generates solutions which are localized independently of a specific form of the warp factor. Another question is if this kind of couplings works for other fields. In this direction some of us has shown that the non-minimal coupling with the mass term can be used to localize ELKO spinors and p−form fields in a warp independent way [14, 15, 20, 21] . In particular, spin 1/2 fields are specifically interesting, but this seems to be an yet more difficult problem since basically all the models and extensions of RS gives only one chirality of the field localized on the brane. However, since our model provides a localized gauge field we must also have a localized current, what seems to imply that the fermion field is also localized.
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